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What is the question
that imaging will
address? assessment
of scientific validity,
clinical need &
feasibility

e.g., imaging probes
and imaging devices,
standardization &
multi-site validation

5 Domains per Pathway

e.g., common
methods for image
data analysis,
mechanisms for
distribution of probes

Preclinical
Development

e.g., toxicology,
biodistribution
dosimetry, test on
phantoms, IND, IDE

Early Phase
Clinical Trials



Biomedical Imaging Background



Imaging Strategy

Exogenous Agent Required?

T

YES NO



Molecular Imaging Research Chain

CHEMISTRY

MOLECULAR

MOLECULAR/CELL
BIOLOGY

Organic Synthesis of Probes
Combinatorial Chemistry
Radiochemistry
Nanoparticles

Gene Expression Profiling
Proteomics
Systems Biology

Cell Delivery Issues
Cell Efflux Issues

Cell-Cell Interactions
Spatial Localization
of Target

SMALL ANIMAL
MODELS

IMAGING CLINICAL IMAGING

Biodistribution
Mouse Models of Disease
Probe Stability/
Pharmacokinetics

) / COMPUTER MODELIV - |
Multimodality SmaN ; i Human Pharmacokinetics/

Animal Imaging - Safety

Pharmacokinetics Clinical Trials
Time-Activity Curves Routine Use

Individual Variation Outcomes Assessment
Studies

Image Reconstruction/
Quantitation
Mathematical Modeling
Statistical Analysis

Gambhir SS.,
Principles of
Molecular Imaging




Molecular Imaging in Oncology

Receptors Transporters

Peptide Receptors

Nucleosides

(HSV-TK)

Acetate
FDG [ k)
Nucleosides
Antibodies
RGD”s .
Choline
- Antisense

Amino Acids Regional

Concentration

Regional
Concentration



Bioluminesce
.-

_Animal MRI

Ultrasound

Massoud & Gambhir, Genes & Development, 2003
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Therapeutic Agent
» Chemical Synthesis
* GMP Production
* GLP PK

PROOF OF
MECHANISM

PROOF OF /

PRINCIPAL
(PD MARKER)

PROOF OF ——

CONCEPT

A

TARGET

~

—

TARGET?

PATHWAY

IS THE PATHWAY
AFFECTED?

y

—

ARE YOU HITTING THE #—— |mage Target

BIOLOGIC ENDPOINT

- Proliferation - Autophagy
- Angiogenesis - Apoptosis

IS THE BIOLOGIC ENDPOINT
PERTURBED?

}

Imaging Agent
—> « Chemical Synthesis
* GMP Production

* GLP PK

Expression

Image Pathway
Activity (Flux) and
Pathway-Specific PD

——— Image Tumor
Response

/

CLINICAL OUTCOME

P

Is the clinical outcome
(RR, PFS, OS)
improved?

— ->

—~~

Can the patients who

will benefit be
identified?




Imaging Pathway:

Molecular Imaging of PSCA in
Prostate Cancer

Abstracts: 134 (Robert E. Reiter M.D. et. al.,
UCLA)



Engineered Antibody Fragments

Engineering antibody fragments to control PK

d  scFy Diabody Minibody scFv-Fc Intact P
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A. Wu and P. Senter, Nature Biotech. 2005




Antibody Engineering for
In vivo Targeting

CEA Her2/neu CD20
\ By P/
v 7 m o
Cu-64-DOTA 1-124
1-124 cT84.66 Trastuzumab Rituximab -124 hu2B3
diabody scFv-Fc DM minibody minibody

T. Olafsen, D. Betting, J. Timmerman, J. Leyton, R. Reiter, Z. Gu, A. Wu



Discovery of imaging biomarker with clinical potential

no

Imaging Pathway:

Credentialing: Scientific validation

Fundamental/applied research

{
Y

Sensitivity and specificity

expected to be sufficient for clinical utility?

(“validated biomarker”)

yes ¢

Does the envisioned clinical
need justify expenditure of resources?

yes ¢,

Is it feasible to develop
the agent or technique?

* The prostate stem cell antigen (PSCA) is a prostate

specific glycoprotein that is over-expressed in
prostate cancer including androgen-independent
prostate cancer. Alternate choices? Greater
credentialing needed?

Specificity likely sufficient if not imaging in the
prostate bed. Sensitivity dependent on imaging
technique and levels of receptor. What are levels of
receptor in various tissue microarrays?

Clinical need could include staging and monitoring
response to therapies. Could be done in conjunction
with a 99mTc-MDP Bone scan or a F- bone scan.
Alternates of CT, MRI, MRS, ultrasound, Prostascint
still not sufficient

Feasible to develop engineered antibody fragments
against PSCA which can then be radiolabeled for
PET and/or SPECT imaging

Also possible to label for non-radionuclide imaging
(e.qg., optical)



|s there an existing imaging platform
for the agent or imaging technique?

yes ¢

agent s the innovatior™ .

an agent or

. technique?

#echnique

Optimize acquisition

and analytic
parameters

in prediinical or
Phase 0 setting

i

Imaging Pathway:
Creation of Modality

no

Y

Develop necessary new
imaging platform
(iterative with
development of
agent/technique)

<

Clinical PET-CT and
clinical SPECT-CT already
exist as imaging platforms

Innovation is the molecular
Imaging agent in this case
Consider different
engineered antibody
fragments (e.g., minibody
or diabody)



I'maging Pathway:
Creation of Modality: radiolabeling

 EXplore possible radiolabel

Perform choices relative to
radiolabeling pharmacokinetics of the
dosimetry, etc. engineered antibody fragment.

Possibly use 18F vs. 64Cu vs.
1241 for PET and 99mTc for
SPECT. Also other labels for
other modalities.

o Dosimetry with each
radioisotope needed in murine
models. Possibly with second
species?



I'maging Pathway:
Supporting tools:

Develop new * Develop tracer kinetic models
assays or other - - : :
supporting tools fqr Imaging agent including how
as necessary” signal relates to levels of PSCA

 Mechanism for distribution of
Imaging agents

e Support instrumentation for
automated synthesis and
radiolabeling of imaging agents

e Develop physical phantoms
which can also be imaged



I'maging Pathway:

Preclinical Development

Establish GMP production °
for agent if necessary

Submit IND
if necessary

Test/refine imaging
performance, PK/PD,

toxicology, etc in
Phase I/l setting

Establish GMP/GLP production of
antibody fragment in scale-up

Humanized Ab issues

Establish dosimetry in pre-clinical
models

Establish toxicity in one species

Submit eIND for a biologic if possible
but also explore IND submission

Perform Phase | human studies to look
at radiation dosimetry and toxicity,
optimal imaging times, biodistribution.
Include blood sampling. Healthy
volunteers vs. patients?



Imaging Pathway:

Preclinical Development

Pre-IDE meeting for Establish GMP manufacturing  NO eC]Uipment
} platform if necessary if necessary
approvals needed for
this particular approach

e Obtain eIND/IND

» Discuss study with local
RDRC if one exists

Clinical study required
for regulatory approval?

Optimized platform available ¢ Jes
for clinical testing,

File IDE if necessary,
perform study
approval

file 510(k) if necessary



I'maging Pathway:

Clinical Trials

Phase ||+ trials » Study PET-CT imaging in patients with
for specific prostate cancer with proven spread

¥ i — Consider different entry
clinical utilities -

« Compare to existing strategies including
bone scanning and FDG PET-CT

e Understand limitations of detection in
the prostate bed

« Pancreatic cancer imaging also
possible

 Gold standard issues?

o Standardization of image protocols and
acquisition across sites

e Work with ACRIN on multicenter
trials



I'maging Pathway Summary

*—— Credentialing of PSCA
h
< Pre-clinical models with
Engineered Ab Fragments
- Preclinical Radiation Dosimetry

and eIND filing

— GMP/GLP production and Phase 1 Trial

Phase Il Trials in Prostate Cancer




	Image-Based Assessment Modalities Pathway Example
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Engineering antibody fragments to control PK
	Antibody Engineering for �In vivo Targeting
	Imaging Pathway:�Credentialing:  Scientific validation
	Imaging Pathway:�Creation of Modality
	Imaging Pathway:�Creation of Modality: radiolabeling
	Imaging Pathway:�Supporting tools:
	Imaging Pathway:�Preclinical Development
	Imaging Pathway:�Preclinical Development
	Imaging Pathway:�Clinical Trials
	Slide Number 21

